ABSTRACT: Both bowhead Balaena mysticetus and North Pacific (NP) right whales Eubalaena japonica were reduced to low levels by historical whaling. Despite their protected status, it is known that the USSR illegally killed both species in the NP and Okhotsk Sea (OS). Here, we provide revised Soviet catch totals, as well as other new information on the distribution and other details of these catches. Right whale catches were made from 1962 to 1968 in the eastern NP and in 1967 and 1968 in the OS. Our best estimate of total right whale catches is 661, consisting of 529 for the eastern NP (compared to the previously published figure of 372) and 152 for the OS (cf. a previous figure of 136). Catches were distributed in the Bering Sea (BS, 115), eastern Aleutian Islands (28), Gulf of Alaska (GOA, 366), OS (132), and other areas (20). Detailed information on catches of 112 right whales taken in May/June 1963 shows a broad distribution in offshore waters of the GOA, consistent with 19th century historical whaling records. Other major areas in which right whales were caught include south of Kodiak Island, western Bristol Bay (southeastern BS), and the central OS off eastern Sakhalin Island. The best estimate of bowhead whale catches in the OS in 1967 and 1968 is 145 animals, although this is contingent upon certain assumptions regarding species identity. Of these, 79 were killed in the Shantar Islands region and 66 in Shelikhov Bay. The catches of both species primarily involved large mature animals, thus greatly inhibiting recovery of the populations concerned.
INTRODUCTION
Both the North Pacific right whale Eubalaena japonica and the bowhead whale Balaena mysticetus were subject to intensive hunting by commercial whalers beginning in the 19th century. Currently, North Pacific right whales are considered to exist in 2 discrete populations: eastern and western ). There are also 2 recognized populations of bowhead whales in this region: the BeringChukchi-Beaufort (BCB, also known as the western Arctic) and Okhotsk Sea (OS) stocks . With the exception of the BCB population, the right and bowhead whale stocks are believed to be at low abundance, and limited information is available with regard to status, distribution, and historical population size (Clapham et al. 1999) .
The range of eastern North Pacific right whales is believed to encompass the Gulf of Alaska (GOA) and the Bering Sea (BS), while the western population inhabits the northwestern Pacific and the OS. Recently, genetic and photo-ID mark−recapture data were used to generate independent estimates of abundance for the eastern population; both estimates indicated that only ~30 animals remain (Wade et al. 2011) . Although this may represent a sub-population that inhabits the BS in summer, and could therefore under-represent total abundance, the recent paucity of sightings strongly suggests that the overall eastern population is not much larger; thus, this is the smallest large whale population in the world for which an abundance estimate exists. The only existing estimate of the western North Pacific right whale population comes from 3 Japanese minke whale Balaenoptera acutorostrata sighting surveys in the OS conducted between 1989 and 1992 (Miyashita & Kato 1998) . This estimate was 922 animals (CV = 0.433, CI: 404−2108); however, both positive and negative potential biases were identified in the survey methodology, and the estimate must be considered of questionable reliability given its low precision (Best et al. 2001) .
Bowhead whales in the OS constitute a genetically and geographically distinct population (Rugh et al. 2003 , LeDuc et al. 2005 , Ivashchenko & Clapham 2010 which is currently listed as Endangered by the International Union for Conservation of Nature (Reilly et al. 2008 ). Information about OS bowheads was recently summarized by Ivashchenko & Clapham (2010) , who highlighted a lack of knowledge about current population size, habitat use, and seasonal movements.
The precarious status of these 3 remnant balaenid populations is the consequence of extensive and unregulated whaling that began in the mid-19th century and drove the populations to commercial extinction in just a few decades (Scarff 1991 , Bockstoce & Burns 1993 , Clapham et al. 1999 . Hunting for right whales began in the GOA in 1835 and spread to the OS a decade later. The number of right whales killed in the eastern North Pacific in the 19th century was estimated by Scarff (2001) at 26 000 to 37 000 animals, and it is still unclear how many right whales were killed in the western population. Limited catches continued into the 20th century; in 1935, all right whales were (in theory if not practice) protected by international agreement. Brownell et al. (2001) summarized all known information on 20th century commercial and scientific catches at the time of their review, and reported 411 and 331 right whales taken from the eastern and western North Pacific, respectively, between 1900 and 1977. Bowhead whales in the OS were first hunted in about 1847, and this population is believed to have been greatly reduced from its pre-whaling size; however, how large this was remains the subject of considerable debate, and all estimates are confounded by incomplete and sometimes equivocal historical data (see discussion in Ivashchenko & Clapham 2010) . Mitchell (1977) estimated the pre-whaling population at 6600 whales, a figure which Woodby & Botkin (1993) considered too high. In contrast, D. A. Henderson (unpublished, reported by Kugler 1984) suggested that more than 15 000 bowheads had been taken in the first 20 yr of the fishery.
In addition to the 19th and 20th century catches, it is now known that Soviet whaling fleets operating in the North Pacific killed both right and bowhead whales as part of a global campaign of illegal whaling that began in 1948 (Ivashchenko et al. 2008 , Clapham & Ivashchenko 2009 ). Note that 'illegal' here means contrary to the International Convention for the Regulation of Whaling 1946, to which the USSR was a signatory; the Convention and its accompanying Schedule included provisions completely protecting right and bowhead whales. While catches for the purpose of scientific research were permitted under Article VIII of the Convention, any country issuing its nationals a permit for such catches was required to report them to the International Whaling Commission (IWC). All commercial catches of these 2 species were banned.
Soviet factory fleets killed many right whales from 1962 until 1968, primarily in the GOA and the southeastern BS. In addition, both right and bowhead whales were killed illegally in the OS in 1967 and 1968. A few years after Yablokov (1995) published the first information on the true extent of whale catches by Soviet factory fleets, former Soviet biologist Nikolay Doroshenko (2000a) published a paper which provided some information about right and bowhead whale catches in the North Pacific during the period 1963 to 1968. However, he provided few details regarding the positions or timing of these catches, and his assessment is known to have been based upon incomplete information.
A recent search of local archives in Russia has revealed numerous Soviet whaling industry reports, some of which were not available to Doroshenko or others seeking to reconstruct the true Soviet catch history for the North Pacific region. Here, using these previously unexamined materials, we report that catches of right whales in the eastern North Pacific during the period 1962 to 1968 were larger than previously assumed. We also provide new information on the distribution and timing of right whale occurrence in the GOA and BS, as well as previously unavailable details of right and bowhead whale catches in the OS in 1967 and 1968. Finally, we present significant new biological information from these catches (notably length distribution and maturational status) for North Pacific right whales, a species for which few such data have been previously available, as well as some similar data for bowheads in the OS.
MATERIALS AND METHODS
The information summarized in this paper is based upon various Russian sources, consisting of published Soviet literature about bowhead and North Pacific right whales, and formerly secret reports from Soviet whaling operations; the latter are summarized in Table 1 . These formerly secret reports represent our primary source of information and include scout vessel reports, scientific reports, whaling production reports, and reports from the Soviet government's official whaling inspectors who were present aboard factory ships. These materials were previously unpublished and largely unavailable until their declassi fication; they were recently discovered during searches of public archives in Russia.
The range of reports is incomplete, with some types of reports missing for specific years and whaling fleets. Furthermore, the information contained in the various reports is not consistently presented: some reports have considerable detail on catches (including individual positions and dates), while others give only a gross summary of sighted or killed whales during 1 or 2 mo periods and/or over large geographic areas, with no vessel tracks shown. In other words, possession of a particular report does not necessarily mean that there is detailed information about catches for that fleet and whaling season.
In a few cases, information in whaling production reports directly contradicts catch data given in other types of reports for the same whaling fleet and year, usually by replacing right or bowhead whales with names of other species; this appears to have been an attempt -odd in view of the fact that all such reports were secret -to hide catches of protected species in the production reports. In these cases, the true catches appear in either the scientific or inspection reports for that year, and those data have been used here. In order to resolve this issue, and to clarify other details, interviews were conducted with scientists who were present on the whaling factory ships during the catches of right whales, or who were familiar with aspects of the fleets' operations. Details of the interviewees, and an overview of Soviet illegal whaling in general, were given by Ivashchenko et al. (2011) .
Maps for right and bowhead whale catches and sightings were created using ArcView geographical information system software (ESRI1). This involved recreating maps from reports by scanning figures and saving the resulting images as JPEG files. These files were imported into ArcMap as a raster data set layer and saved as a georeferenced map.
RESULTS

North Pacific right whales
Four whaling factory fleets were involved in North Pacific right whale catches at various times: 'Sovetskaya Rossiya,' 'Aleut,' 'Vladivostok,' and 'Dalniy Vostok.' The factory ship 'Slava' also operated in the North Pacific in the summers of 1966 to 1969, but is not known to have killed either right or bowhead whales. The first Soviet whaling expedition to the eastern North Pacific (east of 180°) occurred in 1960, when the 'Aleut' began whaling operations along the eastern Aleutian Islands. Rovnin (1969) We can now update this information based upon new material, which includes some reports from the 'Sovetskaya Rossiya' that do not appear to have been available to Doroshenko. Indeed, the first known illegal catches of North Pacific right whales were made in 1962 by this large factory fleet, and Soviet catches continued at various times until 1968. In Table 2 , we summarize all known Soviet catches of North Pacific right whales during the period 1962 to 1968 in 3 main areas: the GOA, the southeastern BS, and the OS; this table shows the totals given by Doroshenko (2000a) as well as those calculated from the new data. Table 4 .
Overall, our best estimate for the number of right whales killed by Soviet whaling fleets in all areas between 1962 and 1968 is 661 animals (this revised catch total includes, i.e. is not in addition to, the whales reported by Doroshenko 2000a and Brownell et al. 2001) .This estimate includes 529 in the eastern North Pacific; some uncertainty regarding the GOA component of this total is discussed below. Soviet fleets killed an additional 132 right whales in the OS in 1967 and 1968. Details of catch totals, timing, and distribution are given by area below. Table 3 lists all known catches and sightings of North Pacific right whales from 1958 to 1968, with as much information about dates and locations as is available in the reports that we analyzed. However, we note that, in the case of the catches from 1964, this information had to be deduced from a combination of details provided in a single scientific report that covered the activities of both the 'Vladivostok' and 'Dalniy Vostok' whaling fleets (Doroshenko et al. 1965) . The total catch of right whales for these 2 fleets in 1964 was 178 whales. However, to find the details of each fleet's catches by month and by area required an analysis of 3 separate tables. The relevant tables in Doroshenko et al. (1965) Table 3 time periods (which range in duration from 2 to 3 d to 1 mo); Table 7 gives details of areas in which the 'Vladivostok' factory fleet worked, over periods of from 3 to 30 d; and Table 14 presents a summary of catches by both fleets by species and month (not separated by fleet). In order to understand the temporal and spatial distribution of each fleet's catches by month and by the 2 main areas concerned (BS and GOA), we first used Table 4 (in Doroshenko et al. 1965 ) to find the catches made by 'Dalniy Vostok,' and subtracted these catches from the combined total for both fleets given in their Table 14 ; the result was the total catch for 'Vladivostok.' We then used information in their Table 7 to derive the locations and/or time periods of the catches. For example, their Table 4 shows 19 right whales caught by 'Dalniy Vostok' in June in the GOA; their Table 14 indicates that the total catch for both fleets was 20, meaning that only 1 right whale was killed in June by the whaling fleet 'Vladivostok.' The next step was to find the location of the 'Vladivostok' fleet during June in order to assign this single animal to a particular area. From their Table 7 , we found that they were operating in several areas from the Queen Charlotte Islands to the western part of the GOA; consequently, the catch was assigned simply to the GOA. Next, the same process was applied to right whale catches made in August: 2 right whales were caught by the 'Dalniy Vostok' fleet, and since the total catch by both fleets for August was 82, 80 right whales must have been taken by the 'Vladivostok.' The area of work for this latter fleet in August (given in Doroshenko et al. 1965, their Table 7 ) was the southeastern BS.
Analysis of records from 1964
A check on the accuracy of this analysis was provided in Table 8 of Doroshenko et al. (1965) , which shows that the combined total catch for the 2 fleets had to be equal to 113 and 65 right whales in the southeastern BS and GOA, respectively. Catch figures for 1964 that were subject to this deductive process are shown in our Table 3 in parentheses.
Gulf of Alaska
Beginning in 1960, right whales were regularly sighted by Soviet whalers and scout vessels in the GOA during the months of late spring and summer. One of the earlier surveys (Troinin 1962a) , which ran from the beginning of March to the middle of May 1961, recorded 14 right whales (Table 3) ; unfortunately, the exact dates or even months of these sightings are not mentioned, but it is possible that some of these whales could have been seen as early as March. During subsequent surveys (Latishev 1962 , Troinin 1962b , Petukhov 1964 ), a few whales were found in the GOA in April/May, with the majority of known sightings and catches made during June/July. It is unknown whether any of the right whale catches were made in August/September (months when Soviet whaling fleets were also operating in the area), but the survey coverage of the scout vessels was lower at that time compared to the earlier months, and their reports for this period do not include right whale sightings.
The first known Soviet catches of right whales were made in 1962 (21 in the eastern Aleutians, and 2 whales from an unknown area), with a large increase in 1963 and a rapid decline during the 1964 to 1966 seasons ( Table 2 ). The total catch for the GOA area is probably 366 animals, although some uncertainty relating to the 1963 whaling season is discussed below.
In June 1963, the 'Sovetskaya Rossiya' whaling fleet sailed through the GOA and, according to the whaling and scientific reports (Anonymous 1963a , Ivashin et al. 1963 , killed 112 right whales in the GOA and an additional 10 whales just south and west First, there is potential overlap because 3 catchers from the 'Dalniy Vostok' fleet were assigned to 'Sovetskaya Rossiya' from May through the middle of July; therefore, it is possible that as many as 17 right whales that were caught by these 3 catchers could have been double-counted in the 2 reports from 'Sovetskaya Rossiya' and 'Dalniy Vostok.' Second, although he stated (N. V. Doroshenko pers. comm.) that he did not have access to the 1963 season report from 'Sovetskaya Rossiya, ' Doroshenko (2000a,b) list catches of humpback and blue whales from this fleet and year. N. V. Doroshenko (pers. comm.) does not recall where he obtained those data, so it is possible that the 'Sovetskaya Rossiya' catches were included in his stated total of 141 right whales. However, the map of catch distribution given by Doroshenko (2000a, his Fig. 1) shows catches made over an area of the GOA just south of Kodiak. He indicated (pers. comm.) that these were the whales taken by the 'Vladivostok' and 'Dalniy Vostok' fleets. In contrast, the 'Sovetskaya Rossiya' catches were distributed east and southeast of Kodiak (Fig. 1) , and covered a broad area of the GOA. Accordingly, we believe that the latter catches were not included in Doroshenko's 141 for 1963 and therefore that the total GOA catch for that year was 253 whales (of which 17 may have been double-counted); unfortunately, however, this question cannot be resolved without independent review of the scientific reports for the 'Vladivostok' and 'Dalniy Vostok' fleets from 1963, which to date have not been located. The 'Sovetskaya Rossiya' reports also provide rare data on length and maturity of North Pacific right whales; these are summarized separately below.
Southeastern Bering Sea
The southeastern BS was surveyed often but less methodically than the GOA. Except for a few right whale sightings and catches, there are no data with exact positions, and most of the information provided is limited to the total number of whales caught in a particular month. The catches of right whales did not begin in the BS until the summer of 1964, when 113 whales were killed during late July and August. There are no biological data or locations for these catches, and the only information on positions comes from Doroshenko (2000a) , which shows the general catch area as a shaded block west of Bristol Bay. Doroshenko (2000a) placed catches of 8 whales for 1967 in the southeastern BS area, but our new data indicate that only 2 right whales were taken there; 3 right whales were killed in the eastern GOA, 1 was taken in the northern BS, and the locations of 2 other catches are unknown (Raskatov & Latishev 1967 , Latishev et al. 1968 ). The total catch of right whales from the southeastern BS was 115 (113 in 1964 and 2 others in 1967).
Eastern Aleutian Islands
Relatively few catches and sightings were made by Soviet whalers around the eastern Aleutian Islands (from the Alaska Peninsula to 180° W). The 'Sovetskaya Rossiya' whaling fleet killed 21 right whales somewhere in this area in 1962, and 7 in the following year (Anonymous 1962a , Ivashin et al. 1963 . In both years, these catches were made at the end of June and in the first half of July. There is no information regarding when/if scout vessels observed right whales in the area other than from Rovnin's (1969) sightings map. This map shows just 4 observations south of the Aleutian Islands but quite a large number of sightings north of this, between Unimak Pass, Atka, and the Pribilof Islands; however, these could be Japanese sightings that were made before 1964.
One interesting observation comes from the report of a scout vessel that was surveying different areas of the eastern North Pacific during the months of winter and spring in 1963 to 1964 (Petukhov 1964) . It describes 4 sightings of single right whales moving through Unimak Pass toward the Pacific Ocean on 12 January 1964. Two of these animals were marked with Discovery tags, but it is not known whether the tags were ever recovered.
Okhotsk Sea
In 1967, the Soviet whaling fleet 'Dalniy Vostok' caught 126 North Pacific right whales in the OS, off the southeastern coast of Sakhalin Island (Doroshenko 2000a). Until now it was believed that all of these catches were made in 1 area (off Cape Terpeniya) where a large aggregation of right whales was said to have been found and wiped out in 10 d. New details of the right whale catches in the OS in 1967 come from the inspectors' report of the whaling fleet 'Dalniy Vostok' (Raskatov & Latishev 1967) . There are no differences in the total number of right whales killed, but the map shows that these catches were not as aggregated in space as Doroshenko (2000a) had indicated. The inspectors' map is shown in Fig. 2 , and gives the track of the fleet based upon the factory ship's noon position every day, as well as any catches made on that day. Overall, the catches were distributed over a large area. They began in the southern Kuril Islands, then continued off Cape Terpeniya (southeastern Sakhalin Island); further catches were then made to the north along the eastern coast of Sakhalin, then east in an area farther offshore of northeastern Sakhalin, and finally south again (Fig. 2) . The daily catches ranged from 3 or 4 to 22−26 right whales, with no obvious area of concentration. In the scientific report from the 1967 season (Latishev et al. 1968) , right whale catches were described as being of large, mostly mature animals (see details in the biological data section below).
The next year (1968), another Soviet whaling fleet, the 'Vladivostok,' was working in the OS in September. While on its way to the Shantars area (on the western edge of the OS, Fig. 2 ) the fleet caught 6 'right whales' (the Russian generic term for balaenids; see the section on bowhead whales below) on 11 September off the northern end of the eastern coast of Sakhalin Island; this location was very close to catches made on 20 September of the previous year (Fig. 2) . Although all of the catches made by the 'Vladivostok' fleet after 11 September are considered to be bowhead whales (see below), we believe that the 6 whales killed on 11 September were actually North Pacific right whales. This is based upon a lack of bowhead whale sightings in this area and periodic observations of right whales offshore of the northeastern coast of Sakhalin (Miyashita & Doroshenko 1990 , Miyashita 1997 , 2004 ).
There is a possibility that a few more right whales were killed in the OS in other years, but there is no additional information available. Accordingly, our best estimate of the total illegal catch of right whales in the OS in 1967 and 1968 is 132 animals.
Biological data
The 'Sovetskaya Rossiya' scientific report for 1963 (Ivashin et al. 1963 ) includes summaries of data on length and attainment of sexual maturity in many of the 122 right whales caught by the fleet that summer (primarily in June) in the GOA. As is typical of many Russian/Soviet papers, this report is characterized by minor but careless errors of simple arithmetic, or contradictions between tables and text regarding small details. Where such contradictions occur, we used the data in the tables. These data are summarized in our Tables 4 & 5, together with data from an additional 22 right whales caught by the same fleet in 1964. An overview is given below.
In 1963, right whales were caught on 5 to 7 June (4 to 6 whales d −1 ), and single animals on 18, 19, 22, 23, and 25 June; however, the majority of whales were taken from 9 to 17 June, when on some days up to 30 whales were killed. During the whole period in 1963, a predominance of males (n = 82, 73.2%) was observed. Lengths in the report are given by half-meter bins (reproduced here in Table 5 ; in the text it is reported as 19.8 m). Overall, 68% of the total catch (76 of 112 whales, consisting of 25 of 30 females and 51 of 82 males) were animals longer than 15 m. One calf (a female) was recorded, but its reported length of 9.7 m is not consistent with this being an animal in its natal year. Taking mid-point values for each length bin (e.g. 14.3 m as the value for the 14.1−14.5 m bin), the overall mean ± SD for all recorded lengths was 15.5 ± 1.65 m (n = 133). Table 6 gives data on lengths and maturational status of male and female right whales caught in 1963 and 1964; it also includes data from other studies of North Pacific right whales for comparison.
Out of the 82 males caught in 1963, 45 were examined in detail. Only 1 whale (12.5 m) was sexually immature. Sexual maturity in males was ob served starting at a body length of 14.5 m (2 animals were mature at this length); however, because only 1 male (of 12.5 m) of less than this length was examined, 14.5 m may be an overestimate of the minimum length at maturity.
Out of the 30 females in the 1963 catch, 21 were studied, and of these only 3 were immature (9.7, 11.3, and 14.0 m length). Among the 18 mature females, the majority were pregnant (n = 10, 55.6%), while others were lactating (n = 2, 11.1%) or resting (n = 6, 32.2%). The reported length range of pregnant females was from 15.4 to 18.4 m, with half in the range 16.1− 16.5 m (n = 5, 50%); however, a 19.8 m female is reported in the text as being pregnant (with evidence that this was her fifth pregnancy), but for some reason is not included in the reported length range. Lactating females had lengths ranging from 15.8 to 18.4 m.
Based on observations of pregnancy in a 15.4 m female and maturity in a 15.3 m female, the report from the 'Sovetskaya Rossiya' whaling fleet suggested that, by about 15.5 m, right whales have attained sexual maturity (Ivashin et al. 1963) ; however, this is obviously too small a sample size from which to draw any definitive conclusions.
Nine embryos were found, of which 2 were male (110 and 133 cm), and 7 female (97−232 cm). The majority of embryos (n = 7) were in the length range 110 to 140 cm; these fall within the range reported from the Southern Hemisphere for Eubalaena australis (Best 1994) as well as from elsewhere in the North Pacific (Klumov 1962 , Omura et al. 1969 ). There are not enough data from the North Pacific to draw conclusions regarding gestation period and embryo growth. (Omura 1958 , Klumov 1962 , Omura et al. 1969 The right whale catches in 1964 were much smaller. Unlike in 1963 (when the catch consisted primarily of males), the reported sex ratio was almost equal (12 males and 10 females). Of 11 examined whales, only 2 (18%) were immature (females of 12.52 and 12.02 m), while the majority of whales (9, or 82%) were mature. Out of 11 animals for which biological data were not collected, 2 males with a body length below 12.5 m and 3 females with a body length of between 13.6 and 14.0 m could also be considered immature based upon the data from the previous year.
The right whales killed in the OS (i.e. 126 whales taken primarily off the eastern coast of Sakhalin Island in 1967) were mostly large animals (Latishev et al. 1968) . As was also the case in the 1963 GOA catches, a predominance of males was observed (82 males versus 44 females). The range of body lengths was 10.0 to 18.5 m for females and 11.4 to 17.7 m for males. The average length was reported as 15.47 m (females) and 15.56 m (males). The majority of both sexes were mature, although the figure was higher for females (78%) than for males (57%); the report notes that there was no selection during the hunt and that all whales seen were pursued and killed (Latishev et al. 1968) . No details of individual measurements or embryos are given.
It is apparent from the table of whale lengths that full biological data were not collected for a number of smaller animals; this is very likely because the biologists concerned assumed from their lengths that these whales were immature and, unlike reproductively mature animals, were not a priority for examination. Nonetheless, even taking these animals into account it is clear that the catch consisted primarily of larger, mature whales.
Bowhead whale catches
Okhotsk Sea
Prior to this study, information on bowhead whale catches in the OS came from Doroshenko (2000a) . He provided a single catch total of 133 bowhead whales taken in 1968 in the OS, as well as an anecdotal report regarding dead whales observed in 1967 (see below). Doroshenko reported that all the bowheads were taken in a single location, in the Shantar Islands; however, as detailed below we know from examination of the original whaling reports that this was not the case. Before summarizing details of bowhead whale catches, it is important to note the assump tion of this paper with regard to species identity. The Russian term 'right whale' (гладкий кит, gladkiy kit) describes both North Pacific right whales (японский кит, Japonskiy kit) and bowhead whales (гренландский кит, Greenlandskiy kit), thus creating some confusion with regard to catches of these 2 species in areas where their distribution is known or thought to overlap. The Soviet reports, on which the following catch information is based, use this generic term, which essentially means 'balaenid whale.' For catches in some areas, notably the Shantar Islands (see Fig. 2 ), there is no doubt that the animals concerned were bowheads, because this area is known to be almost exclusively a habitat of this species, and has been since at least the 19th century (Ivashchenko & Clapham 2010) .
The situation with Shelikhov Bay in the northeastern OS (the other main area of catch concentration) is more equivocal; this appears to be primarily a bowhead whale habitat, but North Pacific right whales have occasionally been reported there (see discussion in Ivashchenko & Clapham 2010) . Additional catches of North Pacific right and bowhead whales in the area nearby and at the same time are reported by Reeves et al. (2008) . This review makes the assumption that the Soviet catches from Shelikhov Bay were all bowheads. This is based in part upon historical distribution showing bowheads as the primary species found there (Townsend 1935) , as well as on an observation made by a Soviet research vessel in 1967. That survey found a large group of 'right whales' (again, the Russian generic term for balaenids) in the lower part of Penzhinskaya Bay, seen at dusk on 4 August; the survey recorded them as bowheads, but because of fading light the species was not confirmed (Rovnin 1969 , Kuzmin & Berzin 1974 . Despite the preponderance of evidence, we cannot exclude the possibility that some of the whales killed in Shelikhov Bay were right whales, and our results are reported with that caveat.
A small aggregation of bowhead whales in the Shantar Islands was found during a scientific cruise in June 1967 (Kuzmin & Berzin 1974) ; later in the same season, the 'Aleut' whaling fleet went into this area to hunt (Doroshenko 2000a) . Data for the bowhead catches in 1967 are not available (and probably no longer exist); the only known information from this year consists of an observation of floating intestines of 'at least 18 bowheads' observed in September (G. A. Fedoseev pers. comm. to N. V. Doro shenko) .
For the 1968 season, Doroshenko (2000a) listed a total of 133 bowhead whales killed in the Shantar area. However, a report of the whaling inspectors for the 'Vladivostok' whaling fleet (Reznichenko & Selyavko 1968) describes in considerable detail catches made in September 1968 in the OS, and it is clear that these were not confined to the Shantars. The whaling fleet's track is shown in Fig. 2 . The fleet first moved from the Kuril Islands into the northern OS. On 11 September, 6 'right whales' (likely Eubalaena japonica, see above) were killed off northern Sakhalin.
After this, the fleet moved to the Shantar region, and in just 4 d (12−15 September) killed 61 bowhead whales, primarily in Academia Bay; the majority consisted of what was described as small animals. The fleet then left this area and, after catching fin whales Balaenoptera physalus in the middle of the OS, moved northeast into Shelikhov Bay. There they first took some single bowheads, and later found an aggregation to the northeast, in Penzhinskaya Bay. During 5 d of working in this latter area, 66 bowhead whales were killed. In total, the 'Vladivostok' fleet killed 133 balaenid whales (76 males and 57 females; Reznichenko & Selyavko 1968), although as noted above, at least 6 of them were probably North Pacific right whales. Our best estimate for the number of bowhead whales killed in the OS is 145 (a minimum of 18 in 1967 and 127 in 1968) .
Biological data
In a table of length distribution presented at the end of the inspectors' report (Reznichenko & Selyavko 1968) , the reported range for 'right whales' (again, we assume mainly bowheads) was from 9.0 to 16.5 m. A large portion of the catch (79 out of 133 whales) was in the range 11.5 to 13.5 m, and in all, 90 whales had a body length below 13.5 m. Analysis of data collected from the Alaskan Eskimo native hunt, as well as photogrammetry work, shows that most female bowheads become sexually mature at about 13.0 to 13.5 m in length; little information is available with regard to the length of maturity in males, but it is likely that most male bowheads become mature by 12 to 13 m (Koski et al. 1993) . Based on these length parameters, 34 of 57 females (59.6%) in the 1968 Soviet catch, and 23 of 76 males (30.3%) would have been immature. As noted above, the whales taken at Shantar were described as 'small,' which is consistent with the general belief that this region primarily hosts younger whales, in contrast to the larger adults found in Shelikhov Bay (Ivashchenko & Clapham 2010) .
DISCUSSION
North Pacific right whales
The new details regarding sightings and catches of North Pacific right whales in the eastern and western North Pacific adds to our understanding of these 2 populations and their history. The catches by 'Sovetskaya Rossiya' in the GOA in 1963 significantly increase the total removal of right whales from the eastern stock; if our assumptions about possible duplication are correct (see above), our best estimate for the number of right whales taken in the eastern North Pacific between 1962 and 1968 is 529 compared to the previously reported number of 372 whales (Doroshenko 2000a) .
The fact that these catches were larger than previously believed, in combination with the removal of a large number of mature animals, further explains the current precarious state and lack of recovery of this population, which was probably driven to extremely low numbers with only a few surviving mature whales. There is also some uncertainty about possible additional catches by the 'Aleut' factory fleet. Nonetheless, irrespective of these uncertainties, it is very likely that these illegal catches reduced the bulk of the eastern population to such low numbers that, 40 yr later, this stock remains extremely small, and today it is considered Critically Endangered (Wade et al. 2011) .
Biological data on North Pacific right whales are relatively rare, largely because the species was protected in 1935, and few specimens were officially available for examination. Existing data come entirely from scientific research catches of 13 whales made by Japan at various times over the period 1956 to 1968 (Omura 1958 , Omura et al. 1969 , and from another 10 whales killed under scientific permit by the USSR in the Kuril Islands in 1955 (Klumov 1962 (Klumov 1962) . The question of which animal represents the record length is complicated by the noted discrepancy between text and table of 19.5 versus 19.8 m, as well as by the fact that the scientific report for the 'Sovetskaya Rossiya' fleet for 1965 (Latishev et al. 1965) states that a right whale with a length of 19.7 m was 1 of 7 animals taken that year in the GOA.
Overall, the body length at maturity based on the data from illegal catches for males could be placed roughly in the range between 12.5 and 14.5 m (12 whales measured; Table 6 ), because only 1 male <14.0 m in length was examined. With additional data from Japanese and Soviet scientific catches (14 whales), mature and immature males overlap in the range 14.1 to 15.5 m (we exclude as anomalous 1 male from Omura et al. 1969 with a body length of 16.4 m and a testis weight of only 9 kg). This supports the conclusion of Soviet and Japanese scientists that sexual maturity in male right whales begins at a body length between 14.5 and 15.5 m (Klumov 1962 , Ivashin et al. 1963 , Omura et al. 1969 ). In the case of females of this species, the combined data (21 illegal whales and 11 from the literature) show that a length of 14.5 m is a line that broadly separates mature and immature animals. Although the amount of data is still very limited, and it is premature to draw any final conclusions based on only 32 measurements, the length at which females reach sexual maturity seems to be between about 14.1 and 15.0 m. That is in the agreement with the length at maturity proposed by Soviet scientists as 14.1 to 14.5 m (Klumov 1962 , Ivashin et al. 1963 ), but lower than that suggested by Omura et al. (1969) as 15.0 to 16.0 m.
The distribution of the GOA catches and sightings is very similar to the historical whaling catches of right whales as plotted by Townsend (1935) , suggesting that the distribution of right whales in the GOA has not changed since the 19th century. Furthermore, the comparatively recent Soviet sightings and catches suggest that the offshore GOA contains habitats that likely remain important to right whales today.
The location of the Soviet right whale catches in the BS is known only approximately in most cases, with the majority shown by Doroshenko (2000a) as a general area to the west of Bristol Bay. Recent surveys by the Alaska Fisheries Science Center's National Marine Mammal Laboratory have found small numbers of right whales in this region (Clapham et al. 2012) ; the middle shelf domain of the southeastern BS is clearly important as a feeding area, and right whale calls have been heard there on passive acoustic recorders almost yearround. However, survey effort in the BS, and in the adjacent Aleutian Islands, currently remains low or non-existent.
In the OS, the Soviet catches were distributed over a large area along the eastern coast of Sakhalin Island, and this range encompasses some of the same areas where right whales were observed during Japanese sighting surveys conducted in 1989 to 2003 (Miyashita 1997 , Miyashita & Doroshenko 1990 , Miyashita 2004 . This suggests that these areas remain important to western right whales.
Future research should concentrate on the areas identified in this paper. While the BS has been the focus of some survey effort in recent years (Clapham et al. 2012) , further work there awaits funding. Elsewhere, surveys are urgently needed to assess whether a viable population of right whales exists in the GOA, which has received very little dedicated survey effort since the Soviet catches of the 1960s. Sighting surveys of a part of the GOA in (Rone et al. 2009 found no right whales; however, such surveys with low coverage of the area would inevitably have a low probability of finding what may be a small number of whales, especially if they are concentrated in a limited portion of this vast area of ocean.
Bowhead whales
The main source of knowledge regarding the current seasonal distribution of bowhead whales in the OS comes from a number of ship-based and aerial surveys conducted by Soviet and Russian scientists from 1967 to 2001 (Berzin et al. 1986 , Doroshenko 1996 , Ivannikov & Doroshenko 2003 . Two main areas, the Shantars and Shelikhov Bay, yielded the majority of sightings, but in Shelikhov Bay, bowhead whales were observed only during the months of spring to early summer. There was some survey effort in Shelikhov Bay in September and October, but the effort appears to have been low, and there is no detail regarding the geographic coverage involved (Ivashchenko & Clapham 2010) . Doroshenko (1996) proposed that bowhead whales occupy Shelikhov Bay only in spring and leave by the end of May, moving toward the western side of the OS to the Shantar area. However, this was based upon relatively low survey effort from both areas, and did not take into account historical whaling data, nor the idea that the population is at least partly segregated by size, as noted above. The whaling report from the 'Vladivostok' fleet's 1968 season is the only modern record showing the presence of bowhead whales in Shelikhov Bay in September, although as noted, Russian survey effort in autumn has been very limited. Assuming that the species determination for these catches is indeed correct, this information (as well as the observation of probable bowheads there in August 1967) extends our knowledge of the period when bowhead whales use Shelikhov Bay to include the summer and early fall. The belief that bowheads utilize the Shelikhov Bay region during these seasons is supported by records compiled from 19th century American whaling ships by Townsend (1935) , which show a significant number of catches through all months of summer as well as in September (see Fig. 2 in Ivashchenko & Clapham 2010) .
That the more recent Soviet and Russian studies failed to systematically survey this area in summer and fall (Ivashchenko & Clapham 2010 ) is likely due in part to the fact that the information contained in the formerly secret whaling industry reports was unavailable to the scientists planning these surveys, thus resulting in incomplete and temporally limited coverage of the area. It is also possible that the Soviet catches so depleted the population in Shelikhov Bay that few remained to be observed in later surveys.
Overall, we believe that the minimum Soviet catch of bowhead whales in the OS during the period of illegal whaling was 145 animals, taken in 1967 (18) and 1968 (127) . However, as noted above, we cannot with certainty exclude the possibility that some of the whales killed in the Shelikhov Bay region were North Pacific right whales, so this figure must remain tentative; unfortunately, it is un likely that any new information will become available to solidify this conclusion.
CONCLUSIONS
The material examined during this study gives new information on the size, timing, and distribution of Soviet illegal catches of both bowhead and North Pacific right whales in the North Pacific and OS, and also provides some rare biological data regarding lengths and sexual maturity.
The question of the degree to which the occurrence and distribution of bowheads overlap with that of North Pacific right whales in the OS is worth pursuing. Although right whales and bowheads elsewhere in the Northern Hemisphere (i.e. in the subarctic North Pacific and North Atlantic) are today rarely found in the same habitats at the same times of year, this may be in part a function of the current low abundance of right whales, which were reduced to small populations in all regions, with corresponding reductions in range. Further research using 19th century whaling logbooks and journals may shed light on this issue as it relates to the OS.
Whether catches of bowheads and right whales were made in other years is unknown, but not unlikely. Both the 'Vladivostok' and 'Dalniy Vostok' fleets regularly worked in the OS as fishing factory vessels, and it is known (from both fleet reports and personal communications from former whalers) that whaling catchers would join these fleets prior to the official start of the whaling season.
The uncertainty about total catches notwithstanding, it is clear that the populations of both bowhead and North Pacific right whales in the OS were significantly reduced by the illegal Soviet catches, and surveys to assess their status today are clearly needed, notably in light of expanding oil and gas development in the northern OS. In recent years, research on bowheads has been conducted only in the Shantar area (Brownell et al. 1997 , Maclean 2002 , LeDuc et al. 2005 . We strongly recommend that future surveys focus on Shelikhov Bay; although this was clearly an important habitat, and likely remains so, it has been largely neglected in marine mammal surveys to date.
Current evidence strongly suggests that right whales are now perilously close to extinction in the eastern North Pacific (Wade et al. 2011) . Incorporation of the new catch data into a model to reconstruct the trend and historic size of the population might be feasible. At a more basic level, surveys are urgently needed to better assess the status of this population. This is particularly important for the GOA, which has received little or no survey effort in the years following the Soviet catches, which likely removed the bulk of what may have been a small but slowly recovering population. Aerial or shipboard surveys, together with extensive passive acoustic monitoring, would go a long way towards establishing the status of what may well be the world's most endangered population of large whales.
